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TETRACYCLINE INDUCIBLE/HEPRESStBLE SYSTEMS 
Field af the Invwrtien 

This application relates to tetracycline-centroled eukaryotic expression vectors adapted for use in gene 
therapy or gene immunization having positive feedback regulation. 
5 Background of the Invention 

PCT/US90/01515 describes products and processes for gene therapy and gene immunization by direct 
introduction of naked or lipkf-complexad polynucleotides into body tissue of a host vertebrate. The naked 
polynucleotides are naked in the sense that they are free of certain indicated additives, such as transfection 
facilitating proteins, viral particles* liposomes, charged lipids, and calcium phosphate precipitating agents. The lipid- 
10 complexed polynucleotides are formed of polynucleotides and lipids. 

PCT/US94/06734 describes the work by Gossen, M. & Bujard, H. Proc Natl Acad Set USA 89, 5547-5551 
(1992). See also Gossen, M., Bonin, A.L & Bujard, H. TIBS 18, 471475 (1993). Gossen and Bujard adapted a 
prokaryotic tetracycline system to produce a genetic switch for achieving control of eukaryotic gene expression, in 
the native prokaryotic tetracycine system, tetracycine is an effector that induces prokaryotic gene expression. 
15 Tetracycline accomplishes this by binding to a tetracycline repressor protein. In the absence of tetracycline, the 
tetracycline repressor binds a tetracycline operator sequence, which is linked to a promoter, and represses 
transcription. In the presence of tetracycline, the tetracycline repressor binds tetracycline, which binding displaces 
the repressor from the tetracycline operator sequence, so repression is relieved and transcription can begin. 

The Gossen and Bujard adaptation, instead of being a tetracycline repressor system, is a tetracycline 
20 activator system. In this system, a tetracyefow-controited activator protein is prepared by fusing the tetracycline 
repressor to a transcription activation domain from another protein that activates transcription in eukaryotic eels, 
causing the resultant chimeric protein to retain the repressor's binding capabilities, while also possessing the property 
of activating transcription in eukaryotic cells. In the absence of tetracycline, the tetracycline-controlled activator 
binds the tetracycline operator sequence, which is finked to a promoter, and activates transcription. In the presence 
25 of tetracycline, the tetracycline-controied activator binds tetracycline, which binding displaces the activator from the 
tetracycline operator sequence, so activation is ended and transcription is silenced. 

According to Forth, PA, at at Proc Natl Acad Sci USA 91, 9302-9308 11994), the Gossen and Bujard 
group generated a transgenic mouse based on the tetracycine activator system. In Gatz, C, Frohberg, C. & 
Wendenburg, R. Plant J 2. 397404 (1992), this investigative group produced a transgenic plant using the tetracycine 
30 repressor system. Each regulatory system exploits the prokaryotic tetracycline mechanism as a genetic switch to 
turn genes on and off. 

These regulatory systems require that two different kinds of expression vectors enter eech transfected cell. 
For example, in the tetracycline activator system, a first expression vector is necessary that encodes the tetracycine- 
controlled activator. A second expression vector is required that encodes the gene of interest placed under the 
35 control of the tetracycline operator sequence linked to a promoter. 
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Similarly, in the tetracyckn. reprusor system, th. tetr.cyckn. repressor is encoded by on. express™ 
vector. Th. gen. of Merest b encoued by another expression vector placed under the control of the tetracychne 

operator sequence linked to a promoter. 

Such two-vector systems are. however, probtematk:. Th. probability of transacting a single cel. wnh two 
p ,„ m id DNAs is significantly tower than for transfer that cell with one plasm* DNA. Moreover, the transfectan 
.fancies for different kinds of plasmid DNAs may vary dramatic,.*. Furthermore, even where murttole cop», of 
-rt DNA get transfected into ceOs. the sheer number of ptesmid ONA, is presum.d to affect the level of 
expression, making rt important for regulate of that express^ to hav. both kinds of plasmid DNAs avertable m 

sufficiently representative quantities. 

PCTIUS94I0B734 tried to solve the two-vector problem by eliminating the need to encode one of the genes, 
to wit th. gen. of interest. A DNA construct was designed for homologous recombination at a smgle sit. * a 
„,p,oid genome. Th* construct .needed on* the tetr.cycHn.-contro.ted actrvator and placed the t.tracyc*. operator 
stance linked to a promote, in a position so that upon successful integration, rt control the express™ of an 
oogenous gene. Successful integration was also intended to P osrtH,n th. senuenc. encoding ,h. tetracyclic 
controHed acfv.tor undar th. control of the promoter of that endog.nous gene. This single construct system 
served th. purpose of generating , conditional gen. knockout. Function* as a singte copy. « an grated state. 
, t , predated locus, th, plasmid was not developed to shuttle .drvkfua, genes M c.»s. ,n contrast t. gene 
therapy and gen. onmunization described r, PCT,US90,01515 where pUsmids are present as muftis cop*s. « 
episoma. form, and for th, .press purpos. of gene dekvery. Addtton,., th, sktgte p.as m d so,t»n was ta* 
toth-productionof organisms as -transgenic,.",^ th. t .chnica. manipu^ns r. q u,r.d to bring about homoiogous 
f .c.mbk,ation. thus etf.ctiv.ly pradudet, it, usefulness « gen. therapy and gen. Immunization in human,. 

Ev.n this singte construct solutkm fais to overcome addition.. e«t«g difficult™, .t is a** that 
Mpr .,ston not be leaky in these regulatory systems that ».k to control gene acthrny. To ensure th* 
PCT«JS94/06734 centered kuulatin, on. transcript™ unit. constitute the endogenous gene and he 

teuacyc pona. frcm th. other transcript*. u„, hav* th. sequence encod* th. tetracyc ne, 

controlted actuator undar th. contro. of th. Oogenous promoter. For exampto. strong transc^n termors 
were .nvision.d for placement between these transcription units. 

Now that mdivHlua. gene, can b. admired a, drugs and vaccine, for us. in gen. therapy and gene 
nation, there ar.es an urgent and compein, need to 

cf the. gen, product, The reaction of this g... through th. develepmont ,f regulatory systems shou.d take ,nto 
account the probtem. of t.o-p^d ,y.t OT , .t would be p*** beneficial if any such rectory systam, 
could address th. issue of to.ky gen. expression toward achteving genetrc c.ntroL 

Accordingly, it is an object., of th. Mention to prov*. effector controled eukaryotic express vectors 

adapted for us. in gene therapy and gene immunization. 

,t is another obtectWe of th. ewent,n to prov*e th,se vectors a, *» vector constructs that contain ,.. 

,h. .tement, necessary for a regulatory ,y,tem on a single construct. 
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It is yet another objective of the invention to provide such vectors as having positive feedback regulation. 
These and other objectives If the invention wil be apparent upon consideration of the specification as a 

whole. 

Summary of the Invention 

5 According to one aspect of the invention there is provided a self-accelerating eukaryotic expression vector 

adapted for use in gene therapy or gene immunization comprising a single transcription unit under the control of an 
activator-responsive promoter the activator being itself controlled by an effector and the unit comprising a first 
cistron encoding a desired gene product and a second cistron encoding the activator, and an internal ribosome entry 
site positioned between the cistrons. The promoter may comprise a minimal promoter linked to an operator sequence. 

1 0 The minimal promoter may be derived from a cytomegalovirus immediate early gene promoter. The operator sequence 
may be a tetracycline operator sequence. The activator may be a tetracycline-controHed activator. The tetracycline- 
controlled activator may comprise a tetracycline repressor fused to a transcription activation domain that activates 
transcription in eukaryotic cafe. The tetracyclne-controled activator may comprise a tetracycline repressor fused 
to a transcription activation domain that activates transcription in eukaryotic cells and further fused to a nuclear 

15 localization signal. The transcription activation domain may be derived from herpes simplex virus virion protein 16. 
The nuclear localization signal may be derived from SV40 large T antigen. The first cistron may be positioned 5 
prime of the second ctstron within the transcription unit. 

According to another aspect of the invention there is provided a self-accelerating eukaryotic expression 
vector adapted for use in gene therapy or gene immunization comprising a single transcription unit under the control 

20 of a tetracydine controQed activator-responsive promoter the unit comprising a first cistron encoding a desired gene 
product and a second cistron encoding the tetracycline-controled activator and an internal ribosome entry site 
positioned between the cistrons. The promoter may comprise a minimal promoter linked to a tetracycline operator 
sequence. The minimal promoter may be derived from a cytomegalovirus immediate early gene promoter. The 
tetracycline-controllBd activator may comprise a tetracycline repressor fused to a transcription activation domain that 

25 activates transcription in eukaryotic celts. The tetracycline controlled activator may comprise a tetracycline repressor 
fused to a transcription activation domain that activates transcription in eukaryotic cells and further fused to a 
nuclear tocaization signal The transcription activation domain may be derived from herpes simplex virus virion 
protein 16. The nuclear tocaization signal may be derived from SV40 large T antigen. The first cistron may be 
positioned 5-prime of the second cistron within the transcription unit. 

30 According to yet another aspect of the invention there is provided a host eel comprising any of these 

eukaryotic expression vectors. 

Based on another aspect of the invention there is provided a process for producing any of these eukaryotic 
expression vectors comprising constructing a single transcription unit and operabty linking it to an activator-responsive 
promoter in a plasmid backbone, the unit comprising a first cistron encoding a desired gene product and a second 

35 cistron encoding the activator and an internal ribosome entry site positioned between the cistrons; and isolating the 
resultant plasmid. 
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Based on yet another aspect of the invention there is provided a process for producing any of these 
eukaryotic expression vectors comprising constructing a single transcription unit and operabty linking it to a 
tBtracyctine-controled activator-responsive promoter in a plasmid backbone, the unit comprising a first cistron 
encoding a desired gene product and a second cistron encoding the tetracyctine-controlied activator and an internal 
5 ribosome entry site positioned between the cistrons; and isolating the resultant plasmid. 

The invention also provides a process for inhibiting expression of the gene product in any of the host ceHs 
of above comprising contacting the ceH with tetracycline or a tetracycline analog. 

The invention further provides a vaccine comprising any of the eukaryotic expression vectors of above in 
a physiologically-acceptable carrier, where the gene product is an immunogen that stimulates a protective immune 
10 response in a host vertebrate. 

The invention additionally provides a drug comprising any of the eukaryotic expression vectors of above in 
a physiologically-acceptable carrier where the gene product is a molecule that induces a desired therapeutic effect 
m a host vertebrate. The gene product may be selected from the group consisting of interleukin-2, tumor necrosis 
factor, interferon, nerve growth factor, epidermal growth factor, human growth hormone, LDL receptor, tissue 
1 5 plasminogen activator, Factor VIII, Factor IX, granulocyte-macrophagecolonysttmulating factor, erythropoietin, insulin, 
calcitonin, thymidine kinase, dystrophin, and CFTR. 

In another aspect, the invention provides a composition of matter comprising a eukaryotic expression vector 
having the identifying characteristics of ATCC 97467. 

In a further aspect, the invention provides a composition of matter comprising a eukaryotic expression vector 
20 having the identifying characteristics of ATCC 97467, where the CAT encoding sequence is replaced by a sequence 
encoding a protein of interest. 

Brief Descrietkm of the Drawees 
Figure 1. Plasmid constructs. A, human cytomegalovirus immediate-early gene promoter/enhancer based 
reporter constructs. Arrows indicate transcriptional start site and direction. The intron A from hCMV-IE is shown 

25 as a bent line. BGH-T indicates a transcription terminator from the bovine growth hormone gene. B, 
tTA/tetracycbne-regulatable reporter constructs. Vectors VR1312 and VR1250 are based on a chimeric promoter 
containing 7 repeats of tetracycline operator sequences and hCMVIE gene minimal promoter plus intron A. In plasmid 
VR1340, 4 copies of tetracycline operator sequences are located immediately downstream from the TATA box of 
hCMV-IE promoter/enhancer. C, tTA constructs. VR1502 is derived from pUHD15*1 by inserting a nuclear 

30 localization signal (NLS) from SV40 large T antigen in frame between tetR and VP16. 0, bkrstronic single plasmid 
construct The CAP Independent Translation Enhancer (CITE) sequence was placed between the coding regions for 
CAT and tTA-NL 

Figure 2. In vitro and m wV* comparison of hCMV IE gene premeterfenhancerbesed expression 

constructs. A, Cultured mouse myoblast C2C12 eels (2X10 5 ) were transf acted (in duplicate) with 25 w of 
35 pcONA3CAT or VR1310 using the lipid, DMRIE/DOPE (see Material and Methods). CAT assays ware carried out 46 
h after transfection. B, 5 //g (in 50 saline) of each plasmid DNA was injected into mouse rectus femoris muscle 
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and the expression of CAT assayed 7 days post-injection (total n - 20 muscles for each construct). Bars - 
standard arror of the mean. 

Figure 3. Comparison of hCMV-IE gene promoter/oehancerbased and tTA dependent expression 
vectors in vitro. Cultured mouse myoblast C2C12 cells (2X10 5 ) were transfected with 2.5 W of each plasmid 
ON A according to the key under the histogram. Al transf actions were done using the same total mass of ON A (10 
//g), adding pUC19 plasmid DNA where necessary. In eiperiments using tetracycline (Tc), cells were pretreated with 
1 //g/ml Tc for 24 hours prior to transfection and maintained m 1 //g/ml Tc until harvesting. CAT activity was 
assayed in ceH lysates at 48 b posttrensfection. 

Figure 4. Comparison of hCMV-IE gone promoter/enhancerbased and tTAdependent expression 
vectors ia vivo. 5 jug (in KM saline) of reporter plesmids VR1310 or VR 1312 were injected into mouse rectus 
femoris muscle and the expression of CAT assayed 7 days post-injection. For tTAdependent expression, an equal 
amount (5 //g) or a 5 fold excess (25 */g) of plasmid VR1502 was co injected with VR1312 (total n - 20 muscles 
for each experiment) Error bar - standard error of the mean. 

Figure 5. Alternate regulation of gene expression by tetracycline. A, up-reguiation of CAT expression 
by tetracycline in vitro. Mouse myoblast C2C12 cells (10 5 ) were transfected with 2.5 /sg of VR1310, 2.5 w of 
VR1340, or 2.5 w of VR1340 plus 2.5 ^g of VR1502 +. 1 //g/ml tetracycfae (Tc). B, concurrent repression and 
induction of two genes by Tc in vitro end in vivo. 2X10 5 C2C12 eels were cotransfected with 1 //g each of 
VR1250 and VR1340 alone or 1 Ml each of VR1250 and VR1340 along with 3 //g VR1502, +. 1 //g/ml tetracycine. 
Mouse rectus femoris muscles were co-injected with 5 //g each of VR1250 and VR1340 or 5 /yg of VR1250, 
VR1340 plus VR1502 with or without subcutaneous implants of Tc controled release pellets. Luciferase and CAT 
were assayed 7 days post-injection (n - 20 muscles for each experiment). Error bar - standard error of the mean. 
Carrier DNA (pUC19) was used when necessary to keep the total amount of DNA constant in the co-transf actions 
or coinjections. Results were normalized to the highest values for each reporter - 100% relative activity. The 
variations for the assays were less that 5% for m vitro experiments end less that 20% in vivo. 

Figure 6. TetracyeliM-regulatad CAT expression in vivo using a bi-cistronic plasmid construct 
5 mi of plasmid VR1370 were injected into mouse rectus femoris muscles as described above in the presence and 
absence of subcutaneousty administered Tc CAT assays were performed 7 days post-injection. (Total n - 20 
muscles for each experiment). Error bar - standard error of the mean. 

Figure 7. Tetracycttne-regtilatBd CAT expression vector having a bidirectional CMV 
enhancer/promoter central element This construct places two transcription units in reverse orientation, with an 
enhancer being a shared element. 

Detailed Description of the Preferred Embodiment 

Now that individual genes can be edministered as drugs and vaccines for use m gene therepy and gene 
immunization, the regulatory systems of the present invention futfl an urgent and compelling need to provide delivery 
of these genes and regulate expression of their gene products. These regulatory systems solve the problems of two 
plasmid systems. They also overcome the difficulties of leaky gene expression for achieving genetic control. 
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Accordingly' the invention provides effector controlled eukaryotic expression vectors adapted for use in gene 
therapy and gene immunization. 

The invention also provides these vectors as single vector constructs that contain al the elements necessary 
for a regulatory system on a single construct. 
5 The invention further provides such vectors as having positive feedback regulation. 

Rqgulatgry $ysttmj 

The regulatory systems employed in this invention are based upon at least two important components: a 
gene regulatory protein, which turns the gene it regulates on or off; and an operator, which is a DNA sequence that 
the gene regulatory protein binds to initiate or inhibit transcription. 
10 Regulatory systems are found in both prokaryotes and eukaryotes, and adaptation of either to eukaryotic 

expression vectors is contemplated. Regulatory systems in prokaryotes are simple, and preferred. They are 
especially preferred because their adaptation to eukaryotic expression vectors more readily circumvents pleiotropic 
effects. 

In prokaryotes, gene regulatory proteins control transcription through either positive or negative regulation. 

15 In negative regulation, the gene regulatory protein is usuely a repressor protein. Binding of this repressor to the 
operator DNA sequence typicaty prevents the binding of an RMA polymerase to the promoter of the relevant gene 
and consequently blocks initiation of transcription. The addition of an effector molecule switches the gene on when 
the effector is an inducing ligand, because the effector binds the repressor causing it to release the operator and 
thus allows transcription to proceed. 

20 Alternatively, in positive regulation, the gene regulatory protein is often an activator protein. Binding of 

this activator to the operator DNA sequence commonly faciitates the binding of an RNA polymerase to the promoter 
of the particular gene and consequently activates initiation of transcription. The addition of an effector molecule 
switches the gene off if the effector is an inhibitory ligand, because the effector binds the activator causing it to 
release the operator and hence prohibits transcription from proceeding. 

25 The present invention contemplates both positive and negative regulatory systems, and combinations of 

these. While positive regulatory systems are preferred, negative regulatory systems are not excluded. Establishing 
these systems, whether as positive regulatory systems, negative regulatory systems, or combinations of these, on 
single vector constructs is expressly envisioned. 

A TetracvdinaControlled Activetor And A Promoter Responsive To It 

30 In one embodiment of the invention, the regulatory system of the invention combines a tetracyclne controlled 

activator and a promoter that is responsive to it. This tetracycline controlled activator is a gene regulatory protein. 
Furthermore, for the promoter to be responsive to this activator, it possesses the appropriate tetracycline operator 
sequence, which is the DNA sequence to which the tetracycline controlled activator binds to modulate gene 
transcription. 
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In this embodiment, the tetracycline-controlied activator comprises, for example, a chimeric protein 
constructed by fusing the tetracycline repressor protein to a transcription activation domain that activates 
transcription in eukaryottc cells. 

The tetracycline repressor of this tetracyclne-controlled activator is any prokaryotic protein that binds a 
tetracycline operator sequence in the absence but not the presence of tetracycline. It may be of any class type. 
It is, preferably, a TnlOderived £ cok tetracycline repressor protein. This protein can be modified, however, in any 
way so long as the tetracycitecontrolled activator that it comprises maintains the ability to bind a tetracycline 
operator sequence in the absence but not the presence of tetracycline. 

The transcription activation domain of this tetracyctine-controlied activator can operate either directly or 
indirectly to activate gene transcription. This domain includes that originating from any of various helix-turn hefix 
proteins, and, also, zinc finger proteins, leucine zipper proteins, and helix-loop-helix proteins. Alternatively, this domain 
can be a dimerization domain that dimerizes with other gene regulatory proteins, like zinc finger proteins, leucine 
zipper proteins, or helix-loop-hefix proteins. The preferred transcription activation domain is derived from a virion 
protein 16 (VP 16) of herpes simplex virus (HSV). This domain is preferably positioned at the carboxyl terminus of 
the tetracycline repressor domain in the chimeric protein that it comprises, but its position at the amino terminus, 
or internally, is not excluded, so long as the tetracyclinecontroHed activator retains its property of binding a 
tetracycline operator sequence and activating gene transcription. 

The tetracycline-controled activator opttonaly includes one or more additional amino acid sequences. For 
example, it can include a nuclear localization signal that favors localization of proteins to the nucleus of the cell. 
Any nuclear localization signal is suitable so long as it has the effect of engendering transport of the chimeric protein 
that it comprises to eukaryottc eel nuclei The nuclear localization signal is, preferably, derived from a SV40 large 
T antigen. This signal is preferably positioned as a tinker between the tetracycline repressor domain and the 
transcription activation domain in the tetracycline-controled activator, but its location is dictated by its function of 
localizing the transacting factor to the eukaryottc cell nucleus without interfering with the activities of the other 
domains in the parent protein, such as binding a tetracycline operator sequence and activating gene transcription. 

In this embodiment, the promoter responsive to the tetracycfcne-controlied activator comprises, for example, 
a hybrid DNA sequence having a minimal promoter linked to a tetracycline operator sequence. 

At least one tetracycline operator sequence, advantageously 3 or 4 to 10, and preferably 7, is positioned 
in operable linkage with land preferably 5-prrme of) the minimal promoter. This tetracycine operator sequence is 
a DNA sequence that binds a tetracycline repressor protein in the absence but not the presence of tetracycline. It 
may respond to any class type. It is, preferably, derived from a tetracycline resistance operon encoded in Tn10 of 
£ coii. Its modification, however, is permitted in any way so long as the hybrid ONA sequence that it comprises 
possesses the ability to bind a tetracycine repressor protein in the absence and not the presence of tetracycline, 
and to mediate gene transcription upon the binding of ectrvators like the tetracyctine-controlied activator to the 
subject tetracycline operator properly positioned in operable linkage with the minimal promoter. 
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The minimal promoter is any promoter sequence (e.g., a TATA box) that defines the transcription start site 
but is itself incapable of initiating transcription efficiently. It is selected on the basis of its ability to initiate Bene 
transcription upon the binding of activators such as the tetracycline-controlled activator to operably linked tetracycline 
repressor binding sites. This minimal promoter is, preferably, derived from a human cytomegalovirus immediate early 
5 (hCMV IE) virus gene promoter, but any partial promoter sequence will suffice so long as it fulfills these selection 
criteria. 

This regulatory system is sensitive to the addition of effector molecules, specifically inhibitory ligands, like 
tetracycline. Accordingly, tetracycline is contemplated as being useful in this invention. So also are tetracycline 
analogs. These are molecules that mimic the effects of tetracycline. Examples of tetracycline analogs include 

10 anhydrotetracyciine, doxycycline, chlorotetracyctine, epioxytetracycfine, etc 

This is a positive regulation system. The tetracycline controlled activator is a gene regulatory protein that 
behaves as an activator protein. Binding of this activator to the tetracycline operator is permitted because the 
tetracycline repressor (of which this chimeric protein is composed) has a high affinity for the operator sequence. 
Such binding results not in repression of gene transcription, but rather in its activation because of the presence of 

15 the transcription activation domain in this chimeric protein that is selected on the basis of its activation of gene 
transcription in eukaryotic cells. This transcription activation domain allows the tetracycline-controlled activator, once 
its binding to the tetracycline operator has been mediated by the tetracycline repressor, to facilitate binding of an 
RNA polymerase at the minimal promoter and consequently to activate initiation of transcription. The addition of 
tetracycline switches off the gene being regulated since it is an effector molecule that behaves as an inhfoitory 

20 ligand, whereby the tetracycline binds the activator causing it to release the operator and hence prohibits 
transcription from proceeding. This system can accordingly be turned on or off in a binary fashion by the 
administration of the effector. It can also be adjusted in a continuous function by varying the concentration of the 
effector and thus the level of gene expression. 
Pp?itiva Feedback Mechanism 

25 The invention provides bkistronic expression vectors that locate all the elements of a gene regulatory 

system on single vector constructs. Thus, in an embodiment of this invention, bi-cistrontc vector constructs are 
provided comprising a single transcription unit under the control of a tetracycline-controlled activator-responsive 
promoter, the transcription unit comprising a first cistron encoding a desired gene product and a second cistron 
encoding the tetracycline-controlled activator, and an internal ribosome entry site positioned between the cistrons. 

30 These bi-cistrontc expression vectors are advantageous because, by locating afl the elements of a gene regulatory 
system on single vector constructs, they circumvent the problems of two-plasmid systems. 

Thay are additionally advantageous because they are configured to operate through an accelerating positive 
feedback mechanism. Suppose, for example, that the transcription unit described above, under the control of an 
activator-responsive promoter, is leaky. In this example, the activator wM be synthesized and wil bind the activator- 

35 responsive promoter. The consequence wi be synthesis of more activator, additional binding of the activator- 
responsive promoter, and further synthesis of even more activator, in a self-accelerating, runaway fashion. The 
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concentration of the desired gene product consequently increases to a high level. The bi-cistronic eukaryotic 
expression vectors of the present invention work in this way. 

This invention therefore dramatically departs from PCTfUS94/06734, end Gossan, M. & Bujard, H. Proc Natl 
Acad Sci USA 89, 5547-5551 (1992). The prior art actually teaches away from the present invention, in that the 
prior art considers the leakiness inherent to gene expression a problem and a Imitation. Rather than acquiesce in 
this characterization, the present invention actually exploits this so-called problem and limitation and transforms it 
into an advantage and a valuable resource. Thus, a random and yet inevitable event formerly considered a worst 
case scenario, has been cultivated and harnessed to initiate the synthesis of the gene regulatory protein, which then 
stimulates its own continued production as well as that of the desired gene product, in an accelerating positive 
feedback mechanism that is amenable to exquisite power and control 

Tetracycline Inducibte/Renressibte Systems 

The tetracycline inducible/repressible systems of the invention offer an additionally sophisticated level of 
control over eukaryotic gene expression. For example, the same tetracycline-controled activator that is used to 
activate gene expression can be exploited, instead, to repress it. Depending on the configuration of the tetracycline- 
controlled activator-responsive promoter, tetracycline can be employed as either an inducing figand or an inhibitory 
ligand. By adjusting the position of the tetracycline operator sequence in relation to the TATA box, the resultant 
promoter can be modified to function m either positive or negative regulation by tetracycline. 

The capability of activating or repressing transcription with the same tatracychne-controlted activator 
presents an additionally exciting feature of this activator. These gene regulatory proteins are not necessarily 
dedicated activators or repressors. They function, instead, within regulatory frameworks whose function depends 
on the final assembly of the individual components. 

Accordingly, in another embodiment of the invention, the regulatory system of the invention combines the 
same tetracycline-controled activator described above with a different promoter that is nevertheless responsive to 
this activator to instead repress gene expression. 

Here, the tetracyctine-controHed activator-responsive promoter features a hybrid DNA sequence comprising 
a eukaryotic promoter linked to a tetracyclic operator sequence. At least one tetracycline operator sequence, 
advantageously 3 to 10, and preferably 4, or 7, is positioned in operable linkage with land preferably 3-prime of) 
the eukaryotic promoter. It is arranged so that binding of the tetracyclne controHed activator to this operator 
precludes binding of an RNA polymerase at the promoter and thus bars initiation of transcription. The eukaryotic 
promoter is any promoter sequence that defines the transcription start site and is itself quite capable of initiating 
transcription efficiently, unless when in operable linkage with the tetracycline operator sequence this operator is 
bound by the tetracycline-controled activator. 

This is a negative regulation system, in which the tetracycline-controled activator is acting as a repressor 
protein. Binding of this gene regulatory protein to the operator serves to prevent the binding of an RNA polymerase 
to the promoter of the gene being regulated and consequently blocks initiation of transcription. The addition of an 
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efftctor molecule that is an inducing bgand like tetracycline switches the gene on, because the effector binds the 
gene regulatory protein causing it to release the operator and thus allows transcription to proceed. 

These ligand-inducing systems enable a complementary approach to the ligand-rnhibrting systems described 
herein and represent another advance provided by the present invention. 
5 SmaU Molecule-Controlled Plasmids 

Small molecule-controlled plasmids according to the invention are prepared. Standard procedures are used. 
Sambrook, J., Frisch, E.F. & Maniatis,, T. "Molecular Cloning, A Laboratory Manual," 2nd Edition, Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, NY, 19B9. 

Toward this end, plasmids pUHD 1 0-3, containing a tetracychne-controHed activator-responsive promoter, that 

10 is, a tetracycline operator sequence (7 repeats) inked to a hCMV-IE minimal promoter, and pUH015 1, expressing 
a tetracycirne controtted activator, are purchased from the Center for Molecular Biology, University of Heidelberg. 
Gossen, M. & Bujard, H. Proc Natl Acad Set USA 89, 5547-5551 (1992). Expression vector pcDAIA3 is purchased 
from Invrtrogen (San Oiego, CA). Vectors pUHD10-3CAT and pcONA3CAT (Figure 1) are constructed by inserting 
a SaABamW\ fragment containing chloramphenicol acetyttransforase (CAT) from pBS-CAT (Promega, Madison, Wl) 

15 into SaA BanMYm pUHD10-3 and pcDNA3, respectively. Plasmid VR1310 (Figure 1) is constructed by inserting the 
same CAT fragment into a parental vector, VCL1010, which is a modified derivative of p-CMVint BL Manthorpe r 
M., etaL Hum Gone Thar 4, 419431 (1993). The modifications include removing the SV40 origin of replication, 
replacing the SV40 transcription terminator with the one from bovine growth hormone (BGH) gene, replacing the 
bacterial ^-lactamase gene for ampicillin resistance with the gene encoding aminoglycoside 3'-phosphotransf erase for 

20 kanamycin resistance from Tn903, and insertion of a multiple cloning site. Lew, 0., at al Hum Gene Thar 6, 553 
564 (1995). This plasmid also contains the hCMV-IE gene 5-prtme untranslated region and mtron A sequence. 
Chapman, B.S., Thayer, R.M., Vincent, K.A. & Haigwood, N.L Nucl Acids Has 19, 3979-3986 (1991); Choi, T., 
Huang, M., Gorman, C. & Jaenisch, R. Mol CaM Biol 11, 3070-3074 (1991). Vector VR1312 (Figure 1) is made 
by replacing the hCMV-IE promoter/enhancer (a >MI/Klenow to Sacll fragment) in VR1310 with a Jftol/Klenow to 

25 Sacll segment containing the chimeric tetracycline operator sequence/hCMV-IE minimal promoter from pUHD10-3. 
Plasmid VR1250 (Figure 1) is given the same backbone as VR1312 with the luctferase coding sequence replacing 
CAT. Manthorpe, M., ataL Hum Gana Thar 4, 419431 (1993). VR 1502 (Figure 1) is made by inserting synthetic 
complementary ONA fragments (GTA CGG CAC CCA AGA AGA AGC GGA AGG TCC CAG GTG TAC CGA GCT CGA 
ATT GCG) (SEQ ID NO:1) encoding a nuclear locafcatton signal (KKKRK) (SEQ ID N0:2) in frame between the 

30 tetracycline repressor and VP16 domains (Spel site) of the tetracycline controlled activator encoded by pUHD15 1. 
Jans, D. & Jans, P. Oncogana 9. 2961 2968 (1994); Deuschle r U. ( Meyer, & W., Thiesen, H I Mol CaK Biol 15, 
1907-1914 (1995). To construct VR1340 (Figure 1), complementary oligonucleotide sequences representing 4 repeats 
of the tetracycline operator sequence are synthesized end inserted into a Sac\ site 4 bp downstream from the hCMV- 
IE promoter/enhancer, that is, 3-prime of the TATA box, and 5-prime of the hCMV IE untranslated region and intron 

35 A. (Gatz, C, Frohberg, C. & Wendenburg, R. Plant J 2, 397404 (1992)) VR1370 (Figure 1) is constructed by 
ligating three DNA fragments together. The first is a BatM digested VR1312 vector DNA. This fragment provides 
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a chimeric promoter containing 7 repeats of tetracyclic operator sequences (7 repeats) and hCMVIE gene minimal 
promoter plus intron A connectid to a fragment encoding CAT. The second is the fcoR) BamW\ fragment from 
VR1502. This second fragment provides the coding sequence for the tetracycline rapressor/NL/VP16 fusion protein. 
The third is a PCR'd fragment from a commercially available plasmid pClTE (Novagen, inc., Madison, Wll using a 5- 
5 prime primer with a 8gA\ restriction site and a 3-prime primer with a Ecoftl restriction site. 
In Vitro Testing 

These vectors are initially tested in vitro to demonstrate a tetracycline-controlled activator system suitable 
for in mo use. A hCMVIE based CAT plasmid vector, designated VR1310 and shown m Figure 1A, is developed 
folowing a systematic study of plasmid components required for high expression in transfected cells both m vitro 

10 and in vivo, and prepared as described above. Relative to the commercially available hCMV IE expression plasmid 
pcDNA3CAT, VR1310 expresses 10<20 fold more protein in transiently transfected C2C12 mouse myoblast cells in 
vitro (Figure 2A) and 10 fold more protein upon injection into muscle tissue (Figure 2B). 

To determine the relative efficacy of using the chimeric tetracycline-controfled activator system (Gossen, 
M. & Bujard, H. Proc Natl Acad Sci USA 89, 5547-5551 (1992)), VR1310 expression is compared to expression 

15 obtained with the two plasmid system using pUKD15-1, a tetracycline controlled activator expression plasmid, and 
pUHD3-1CAT, a tetracycine-controlled activator dependent CAT expression plasmid. C2C12 cells co-transfected with 
these two plasmids express CAT protein at a level comparable to VR1310 (data not shown). 

To test whether VR1310 expression might be further improved by making CAT transcription dependent upon 
the tetracycline-controlled activator, the hCMVIE promoter/enhancer (-54 to -654 bp) is removed from VR1310 and 

20 replaced with seven repeats of the tetracycline operator sequence from pUHD3-1 CAT, leaving the -53 to + 1 hCMV IE 
gene TATA box land the 944 base hCMVIE gene 5-prime untranslated region/intron A) downstream of the 
tetracycline operator sequences. This minimal promoter-containing plasmid is designated VR1312 (Figure 1B) and 
its expression in transfected C2C12 eels is shown in Figure 3. 

Relative to VR1310, VR1312 transfected eels express very low levels of CAT protein. However, in cells 

25 cotransfected with pUHD15-1 and VR1312, CAT expression is induced more than 100 fold over VR1312 alone, 
reaching a level of expression that is approximately 4 fold greater than the parental VR1310. In addition, C2C12 
cells co transfected with VR1312 and pUHD15-1 and treated with tetracycline express less than 1% of the CAT 
activity seen in untreated cals. The results indicate that, in addition to its capacity to express high levels of CAT, 
VR1312 based CAT activity is completely dependent upon the co-expression of the tetracycline-controlled activator 

30 and that high expression can be repressed by tetracycline. 

To further increase the tetracycine-controled activator dependent CAT activity, the structure of the 
tetracyclme-cantroled activator fusion protein is modified to assist in post-translational targeting this largely 
prokaryotic protein to the eukaryotic nucleus. To do this, an oligonucleotide sequence encoding an in-frame basic 
nuclear localization signal peptide is inserted into the pUHD5-1 plasmid between the region encoding the tetracycline 

35 repressor and the VP16 activation domain in the tetracycKne-controlled activator. Jans, D. & Jans, P. Oncogene 
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9, 2961-2968 (1994); Dsuschto. U., Meyer, & W., Thieson, H-J. Mot C$9 Biol IS. 1907-1914 (1995). This new 
plasmid, designated VR1502, expresses a nuclear localized tetracycfme controlled activator (Figure 1C). 

CAT assays of ceHs co-transfected with VR1312 and VR1502 indicate that VR1312 based CAT expression 
is nearly 4-fold greater than in cotransfections of cells using VR1312 with the original tetracyciine controlled 
5 activator expression plasmid, pUHD15 1 (Figure 3). However, this 4 fold increase in expression remains completely 
dependent upon the nuclear localized tetracycline controttod activator, such that when transfected cells are treated 
with tetracycline, the expression of CAT is virtually shut off (Figure 3). Since VR1502 aficits significant enhancement 
of CAT expression, this nuclear localized tetracycine controlled activator expression plasmid is used in all subsequent 
experiments. 

10 In Vivo Testing 

These vectors ere next tested m mo to demonstrate m mo use of the tetracyclme-controHed activator 
system. To compare nuclear localized tetracycBne-controtled activator dependent VR1312 CAT expression h mo 
with that of VR1310, five w of VR1310, VR1312, or VR1312 with varying amounts of VR1502, are injected into 
the mouse rectus femoris muscle. The results are shown in Figure 4. CAT expression is barely detectable ( < 200 

15 pg/muscle) in muscle at seven days following injection of the VR1312 vector alone. However, co-injection of 
equimolar amounts of VR1502 with VR1312 results in more than a 1000 fold increase in expression O200 
ng/muscle), an expression level 2-3 fold higher than VR1310. Increasing the molar ratio of VR1 502/VR1312 to 5 
results in a further increase m CAT expression compared with that seen at the 1:1 ratio (Figure 4). 

For gene therapy and gene immunization applications, it would be useful to activate as weH as repress gene 

20 expression using an effector molecule, such as tetracycline. Tetracycline has been shown to transiently activate a 
tetracycline operator modified gene sequence in transgenic plant eels when gene transcription was repressed in cefts 
co-expressing the tetracycline repressor protein. Gatz, C, Frohberg, C. & Wendenburg, R. Plant J 2. 397-404 
(1992). To test this means of tetracycline activation in animal ceHs, VR1310 is modified by inserting 4 synthetic 
copies of the tetracycline operator sequence immediately downstream from the hCMV-IE promoter/enhancer (and 5- 

25 prane of the hCMV-IE untranslated region and intron A). The chimeric hCMV-IE promoter in this plasmid, designated 
VR1340 (Figure IB), is initially tested in vitro and the results are shown in Figure 5A. The VR1340 plasmid 
expresses approximately the same level of CAT in transfected ceHs in vitro relative to the parental VR1310. This 
indicates that the addition of tetracycline operator sequences downstream from the promoter in VR1340 has no 
effect on CAT reporter expressroe in transfected ceHs. However, co-transfectbn of celts with VR1340 plus VR1502 

30 decreases VR1340 based CAT activity nearly 10 fold, from 0.10 to approximately 0.01 nmol acetylated 
chtoramphemcol/min/A/g protein. Moreover, treatment of VR1340 and VR1502 co-transfected ceHs with tetracycline 
results in the restoration of VR1340 based CAT expression. 

The inquiry arises whether two different genes cen be alternatively regulated by tetracycline if cells are 
transfected using a combination of the plasmid vector constructs described above. In answer, a nuclear localized 

35 tetracycline-controlled activator dependent firefly lucif erase expression vector (VR1250) is made so as to be 
structurally analogous to VR1312 (figure 1B). To initially test these new constructs in cells in vitro, mouse C2C12 
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cells are co-transf ected with plasmids VR1340 and VR1250 in the presence or absence of VR1502, with and without 
tetracycline. The results are shown in Figure 5B. In the absence of the nuclear localized tetracycine controlled 
activator expression plasmid (/>., VR1502), cells cotransfected with VR1340 and VR1250 show high levels of CAT 
expression and very low levels of hiciferase expression. The relative expression of these two reporter proteins is 
5 reversed in cells cotransf ected with VR15Q2, where a 5 fold increase in VR1340 based CAT expression is observed 
and more than a 100 fold increase in VR1250 based fucif erase expression. The relative expression of these two 
reporter proteins is again reversed in cells transfected in the presence of tetracycline. In such tetracycline co- 
transfected cells, VR1250 luciforase expression is reduced to very low levels and VR1340 based CAT expression is 
restored to the level seen without VR1502. 

10 To evaluate the possibility of differential regulation of reporter gene expression in vivo, these same plasmid 

combinations are injected into mouse skeletal muscle. The results are shown in Figure 5B. In the absence of 
VR1502, VR1250 based lucif erase expression is vtrtuaiy undetected in muscle and VR1340 based CAT expression 
is high, comparable to the levels of expression seen using VR1310. Muscles injected with nearly equal molar 
amounts of VR1340, VR1250, and VR1502 reverse this activity profile; VR1340 based CAT expression is repressed 

15 10 fold by the presence of nuclear localized tetracycline-controVed activator in muscle cefls while, at the same time, 
lucif erase expression is induced by more than 1000 fold. Injection of these three plasmids into animals receiving 
tetracycline exhibit reporter expression at levels similar to those seen without the nudear localized tetracydine- 
con trolled activator expressing VR1502 plasmid. These results indicate the abflrty of the nuclear localized 
tetracyclme-controHed activator to simultaneously activate and repress the transcriptional activity of plasmid DNA 

20 in mo. 

BicQUpntp Expr«wn VocW 

Ultimately, a single plasmid DNA, designated VR1 370, is constructed as a tetracycJme-controHed activator 
bicistronic expression vector. VR1370, as shown in Figure ID, is a nuclear localized tetracydinecontrotied activator 
dependent expression vector having a CAT coding sequence positioned downstream of the seven repeated tetracycline 

25 operator sequences, the -53 to +1 hCMVIE gene TATA box [i.e., the minimal promoter), and the 944 base hCMV IE 
gene 5-prkne untranslated region and intron A sequence. Thus, the nuclear localized tetracyclme-controHed activator 
dependent control region is the same as in VR1312 (compare Figure IB and Figure 1D). The CAT coding sequence 
is followed immediately by the encephalomyocardftis virus CAP Independent Translations Enhancer {CITE) sequence, 
an internal translations! control element able to effect independent translation of the downstream nuclear localized 

30 tetracyclne-controled activator coding sequence on this bicistronic mRNA. Elroy Stsin, 0., Fuarst, L, Moss, B., 
Proc Natl Acad Sti USA 86. 6126-6130 (1989); Morgan. T., eta/. Nocf Acids fos 20, 1293 9 (1992). By coupling 
nuclear localized tetracycfne-controlled activator expression to CAT expression using a bicistronic mRNA, VR1370 
is designed to incorporate both the tetracycline-controled activator and the reporter protein sequence into a single, 
self-accelerating and tetracycline regulated plasmid vector. To test VR1370 expression in vivo, plasmid DNA is 

35 injected into mouse muscle tissue and CAT expression is measured at seven days. As shown in Figure 6, VR1370 
expresses CAT at a comparatively low level when measured at seven day post-injection time point. The level is 
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approximately 40 fold leu than that seen in muscle tissue co-injected with VR1312 end VH1502. Howevar, when 
VR1370 is injected into annals receiving systemic tetrecyclhe. the level of CAT expressed in muscle is reduced to 
less than 2.5% of that seen in animals not receiving tetracycline. Such e result indicates that agression of CAT 
using the single plasmid construct can be more tightly regulated with tetracycline relative to that achieved using the 
5 two plasmid vtctors, as shown in Figure 5. 

VR1370 has been deposited. The name and address of the depository is American Type Culture Collection 
{ATCO, RockviHe, Maryland. U.S.A. The accession number for the deposit is ATCC 97467. The date of the deposit 

is March 7. 1996. 

fjpn? Tharanv and Gene Immunization 
1 o These results demonstrate that a high expression plasmid, designed for transf acting eels in vitro end in mo. 

can be constructed to make expression wholly dependent upon a tetracycline regulated chimeric activator. This new 
plasmid. when co-transfected with a second plasmid encoding the activator, effects higher levels of expression then 
the parental vector with its human cytomegalovirus immediate early gene fhCMV IE) enhancer/promoter. This high 
level of expression is dependent upon binding of the transacting protein to cis control elements, it., tetracycline 
15 operator sequence(s), and binding is regulated by the common antibiotic, tetracycline. Additionally, by adjusting the 
posit-on of the tetracycline operator sequenced the expression of a reporter gene can also be either activated or 
repressed by the transacting protein. Furthermore, it is shown that a single plasmid construct, designed to express 
a bicistronic mRNA encoding both the transcription factor and a reporter protein, can also be used to effect 
significant levels of off actor-regulated expression. Levels mey go even higher after 7 days (the timepoint measured). 
20 when the single vector construct has enough time for maximal attainment of fuH activator expression and subsaquent 
fill expression of reporter protein. Such results indicate that coding sequences carried by these plesmid DNAs can 
be reguleted to deliver desired levels of proteins m vm for the purpose of gene therapy end gene immunization. 

Accordingly, Figure ID ilustrates one embodiment of the invention in which a eukeryotic expression vector 
is provided as a single plesmid able to turn off a clinically beneficial protein of interest using the molecule. 
25 tetracycine, when the CAT encoding sequence is replaced by the sequence encoding the protein of interest. This 
construct places a transcription unit under the control of a tetracyclnecontroled activator-responsive promoter. The 
promoter features e tetracycine oper.tor sequence upstreem of a minimal promoter. The transcription unrt includes 
two cistrons. on. .needing the tetr.cyclin*c.ntro«ed activator, wheh comprises a tetracycline repressor protein 
fused to . Inscription activation domain, and the other encoding tha protein of interest. These cistrons ere 
30 separated by an interne! ribosome entry she, such as the CITE sequence, to permit translation of the bicistronic 

message in eukaryotic cells. 

In operation, the tetrecycSnecontroled activator is produced, because of leaky gene expression. This gene 
reguletory protein activates transcription of the bicistronic message by binding the tetreeyrfne-controled ecthretor 
responsive promoter. Such binding result* in production of the protein of interest and more and more activator. The 
35 expression of the tetracycHne-controled activator is accordingly amplified by this control mechanism. Then, by the 
addition of tetracycline, the DNA binding activrty of the tetracyckne-controlled activator is suppressed by bound 
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tetracycline so it can no longer activate expression of the protein of interest nor contribute any longer to 
amplification of its own production. "Gene transcription of the protein of interest is thereby repressed. 

Figure 7 illustrates another embodiment of the invention in which a eulcaryotic expression vector is provided 
as a single plasmid able to turn on a clinicaly beneficial protein of interest using tetracycline. This construct places 
5 two transcription units in reverse orientation, with an enhancer being a shared element. The first transcription unit 
includes a tetracycline-controted activator-responsive promoter linked to the sequence encoding the protein of interest. 
This promoter positions a tetracycline operator sequence downstream of a eulcaryotic enhancer and promoter to 
control expression of the protein of interest. The second transcription unit encompasses a eukeryotic enhancer and 
promoter linked to the sequence encoding a tetracycinecontrolled activator, which comprises a tetracycline repressor 

10 protein fused to a transcription activation domain. Here, the eukaryotic promoter and enhancer, the enhancer being 
common to both transcription units, are oriented in opposite directions. 

In operation, the tetracycline-controled activator is produced because the CMV IE gene enhancer/promoter 
is a constitutive promoter. This gene regulatory protein represses the transcription of the message encoding the 
protein of interest by binding the tetracydine-controied activator-responsive promoter. Such binding operates, by 

15 virtue of the tetracycline operator sequence being positioned downstream of the CMV IE gene enhancer/promoter, 
to repress production of the protein of interest. The expression of the tetrecycine-controfted activator is not affected 
by this control mechanism. Then, in the presence of tetracycfine, the DNA binding activity of the tetracycine- 
controlled activator is suppressed by bound tetracycine so it can no longer repress expression of the protein of 
interest. Gene transcription of the desired protein is thereby activated. 

20 The invention also provides these vectors in combustion, so that tetracycline is used to turn on the 

expression of one gene and simultaneously turn off the expression of another gene. These vectors can be delivered 
to the same cells, or to different eels, for example, in another body tissue. Tetracycline can then function to 
activate expression of one protein and repress expression of another protein, for example, to maximize responses by 
increasing one enzyme catalyzing a reaction and at the same time decreasing another enzyme that catalyses the 

25 opposite reaction. These vectors therefore have utlity in gene therapy and gene immunization, both singly and in 
combination. 

A large number of diseases can benefit from administration of molecules, ie., peptides, polypeptides, and 
proteins, that induce a desired therapeutic effect in a host vertebrate. These include rymphokines, e.g., interteukin-2, 
tumor necrosis factor, and the interferons; growth factors, i.g., nerve growth factor, epidermal growth fector, and 

30 human growth hormone; LOL receptor; tissue plasminogen activator; blood coagulating factors, e.g., Factor VIII, Factor 
IX; granulocyte-macrophage colony-strmulatmg factor; erythropoietin; insulin; calcitonin; thymidine kinase; dystrophin; 
CFTR; and the like. They also include toxins [*.g. f ricin, diphtheria toxin, and cobra venom factor) which are delivered 
to diseesed or neoplastic eels, where they can have major therapeutic benefits. They further include antibodies, ami 
idiotypic antibodies, MHC molecules, end fragments and chimeras thereof. 

35 Many diseases are amenable to vaccination with immunogens that stimulate a protective immune response 

in a host vertebrate, for example, infectious diseeses caused by viruses, parasites, bacteria, etc. Such immunogens 
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include cancer associated antigens, for vaccination against cancer, and antigens that vaccinate against AIDS. These 
irnmunogens also include antigans thaf are presented as peptides within MHC molecules, and the like. 

The invention accordingly provides agents suitable for use in gene therapy and gene immunization, i.e., as 
drugs and vaccines. These drugs comprise the eukaryotic expression vectors described here, preferably single 
5 construct vectors, in a physiologically-acceptable carrier where the gene product is a molecule that induces a desired 
therapeutic effect in a host vertebrate. The vaccines comprise these eukaryotic expression vectors, in a 
physiologically-acceptable carrier, where the gene product is an iraminogen that stimulates a protective immune 
response in a host vertebrate. 

These vectors may be delivered to body tissues of host vertebrates, preferably to the interstitial space 
10 thereof. These body tissues include muscle, skin, brain, lung, iver, spleen, bone marrow, thymus, heart, lymph, blood, 
bone, cartilage, pancreas, kidney, gall bladder, stomach, intestine, testis, ovary, uterus, rectum, nervous system, eye, 
gland, and connective tissue. Delivery to muscle tissue is preferred, especially skeletal muscle tissue. 

The gene regulatory proteins of this invention, especially those of non-human origin, may require that the 
patient be immunosuppressed to preclude rejection. White an activation system may only require the production of 
15 a few gene regulatory proteins to turn on expression, in contrast to a repression system where e large number of 
gene regulatory proteins is considered necessary to sufficiently keep expression turned off, immunosuppression may 
nevertheless be required in either system. Immunosuppression reagents are contemplated for this purpose, for 
example, cyclosporin. Treatment with immunosuppression reagents is well within the level of skill in the relevant 
art. 

20 Vectors for injection, a preferred route of delivery, may be prepared in unit dosage form in ampules, or in 

muhidose containers. The vectors may be present in such forms as suspensions, solutions, or emulsions in o3y or 
preferably aqueous vehicles. Alternatively, the vector may be in lyophilized form for ^constitution, at the time of 
delivery, with a suitable vehicle, such as sterile pyrogen-free water {optionaly, for subsequent combination with a 
lipid or other facilitator of transfection). Both liquid as well es lyophilized forms that are to be reconstituted will 

25 comprise agents, preferably buffers, in amounts necessary to suitably adjust the pH of the injected solution. For 
any parenteral use, particularly if the formulation is to be administered intravenously, the total concentration of 
solutes should be controlled to make the preparation isotonic, hypotonic, or weakly hypertonic. Nonionic materials, 
such as sugars, are preferred for adjusting tonicity, and sucrose is particularly preferred. Any of these forms may 
further comprise suitable formutatory agents, such as starch or sugar, glycerol or saline. 

30 The dosage te be administered depends to a large extent on the condition and size of the subject being 

treated as well as the frequency of treatment and the route of administration. Regimens for continuing therapy, 
including dose and frequency may be guided by the initial response and clinical judgment. The parenteral route of 
injection into the interstitial space of body tissues is preferred, although other parenteral routes, such as inhalation 
of an aerosol formulation, may be required in specific administration, as for example to the mucous membranes of 

35 the nose, throat, bronchial tissues or lungs. 
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tn preferred protocols, a formulation comprising the vector in an aqueous carrier is injected into tissue in 
amounts of from 10 {A per site to about 1 ml per site. The concentration of vector in the formulation is from about 
0.1 pg/ml to about 20 mg/ml. 

EXAMPLE? 

Particular aspects of the invention may be more readily understood by reference to the following examples, 
which are intended to exemplify the invention, without limiting its scope to the particular exemplified embodiments. 

EXAMPLE 1 

Matarials aad Mathods 
Matarials 

[ 3 H] Acetyl CoA was purchased from DuPont New England Nuclear (Boston, MA). Luciferase substrate and 
lysis buffer were purchased from Promega (Madison, Wl). The cationic lipid OMRIE (1 f 2-dimyristoyloxypropyt-3- 
dimethyl ammonium bromide) and the neutral hpid DOPE (dioleoyl phosphatidylethanofamine) used for in vitro 
transfection experiments were prepared as described. Feigner, J.H., at al. J Biol Cham 269, 2550-2561 (1994). 
All other chemicals were purchased from Sigma Chemical Corp (St. Louis, MO). ONA oligonucleotides used for cloning 
were synthesized by Genosys (Woodlands, TX). 4 to 12- week-old female BALB/c mice were purchased from Harlan 
Sprague Dawley (San Diego, CA). 
Plasmid /actors 

Plasmids pUHD10-3, containing the chimeric tetracycline operator sequence ItefQWhCMV -IE TATA box, and 
pUHD15-1, expressing the tetracyciine-controfled activator (tTA), were purchased from the Center for Molecular 
Biology, University of Heidelberg. Gossen, M. & Bujard, H. Proc Natl Acad Sci USA 89, 5547 5551 (1992). 
Expression vector pcDNA3 was purchased from hvitrogen (San Diego, CA). Vectors pUHD10-3CAT and pcDNA3CAT 
(Fig. 1) were constructed by inserting a SaA 8smH\ fragment containing chloramphenicol acety (transferase (CAT) from 
pBS-CAT (Promega) into SaA-BamHlM pUHDIO 3 and pcNDA3, respectively. Plasmid VR1310 (Fig. 1) was 
constructed by inserting the same CAT fragment into a parental vector, VCL1010, which is a modified derivative of 
p-CMVint-BL Manthorpe, M., atal. Hum Sana Thar*. 419431 11993). The modifications included removing the 
SV40 origin of replication, replacing the SV40 transcription terminator with the one from bovine growth hormone 
(BGH) gene, replacing the bacterial ^-lactamase gene for ampicillin resistance with the gene encoding aminoglycoside 
^-phosphotransferase for kanamycm resistance from Tn903, and insertion of a multiple cloning she. Lew, D., et 
al. Hum Gene Thar 6, 553*564 (1995). This plasmid also contained the hCMV-IE gene 5 prime untranslated region 
and intron A sequence. Chapman, B.S., Thayer, R.M., Vincent, K.A. & Haigwood, N.L. Nucl Acids Has 19, 3979* 
3986 (1991); Choi, T., Huang, M., Gorman, C. & Jaenisch, R. MotCaUBMW, 3070-3074 (1991). Vector VR1312 
(Fig. 1) was made by replacing the hCMV-IE promoter/enhancer (a vf/zH/Klenow to Sacll fragment) in VR1310 with 
a jftd/Klenow to Sacll segment containing the chimeric tet operator sequence/hCMV IE minimal promoter from 
pUHD10-3 (Fig. 1). Plasmid VR1250 (Fig. 1) was given the same backbone as VR1312 with the luciferase coding 
sequence replacing CAT. Manthorpe. M. f et al. Hum Gana Thar 4, 419-431 (1993). VR1502 (Fig. 1) was made 
by inserting synthetic complementary DNA fragments (GTA CGG CAC CCA AGA AGA AGC GGA AGG TCC CAG GTG 
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TAC CGA GCT CGA ATT GCG) (SEQ 10 N0:1) encoding a nuclear localization signal (KKKRK) (SEQ ID N0:2) in frame 
between the (tetracycline repressor) S*/R and VP16 domains (Spel site) of the tTA protein encoded by pUHD15-1. 
Jans, D. & Jans, P. Oncogene 9, 2961-2968 (1994); Deuschle, U„ Meyer, & W., Thiesen, HJ. Mol Cell Biol 15, 
1907-1914 (1995). To construct VR1340 (Fig. 1), complementary oligonucleotide sequences representing 4 repeats 

5 of the tetracycline operator sequence were synthesized and inserted into a Sad site 4 bp downstream from the 
hCMV IE promoter/enhancer, La., 3-prime of the TATA box, and 5-prime of the hCMVIE untranslated region and intron 
A. Gatz, C, Frohberg, C. & Wendenburg, R. Plant J I, 397404 (1992). VR1370 wis constructed by bgating three 
DNA fragments together. The first was a BamHl digested VR1312 vector DNA. This fragment provided a chimeric 
promoter containing 7 repeats of tetracycline operator sequences (7 repeats) and hCMVIE gene minimal promoter 

10 plus intron A connected to a fragment encoding CAT. The second was the ftoRI BarrM\ fragment from VR1502. 
This second fragment provided the coding sequence for the tetracycline repressor/NL/VP16 fusion protein. The third 
was a PCR'd fragment from a commercially available plasmid pCfTE (Novagen, Inc., Madison, W1) using a 5-prime 
primer with a Bgh\ restriction site and a 3-prime primer with a EcoM restriction site. Ligation and cloning was 
performed by the usual protocols and could be carried out by those in the art. The clones recovered from this 

15 ligation could be restriction endonuciease digested to map and thus ensure correct orientation of the fragments within 
the final construct. 
In vitro trans factions 

Duplicates of cultured C2C12 cefts (2x10 5 ) were trensfected using 5 //g of plesmid DNA and lipids 
DMRIE/DQPE (50:50). The lipid/ONA ratio was 1. Feigner, J.H., at ai J Biol Cham 269, 2550*2561 (1994). Using 

20 these conditions, the expression of reporter protein in replicate samples was highly reproducible with a coefficient 
of variation of less than 10%. Feigner, J.H., at ai JBblCham 269, 2550-2561 (1994). To compare the activities 
of different expression constructs, the amount of plasmid DNA used in each transfection was kept constant by 
adding carrier plasmid DNA (pUC19). 
Direct intramuscular DNA in/action 

25 Plasmid DNA used for in mo studies was purified end evaluated for contaminants. Sambrook, J., Frisch, 

E.F. & Maniatis, T. T Molecular Cloning: A Laboratory Manual (Cold Spring Harbor Laboratory Press, Cold Spring 
Harbor, NY, 1989); Horn, N., Meek, J., Budahazi, G. & Marquet, M. Hum Gene Thert, 565 573 (1995). AI plasmid 
preparations were greater than 50% supercoiled DNA and free of detectable protein and carbohydrates. Endotoxin 
levels were < 60 EU///g plasmid DNA. Direct DNA injection into rectus femoris muscle was performed as previously 

30 described. Manthorpe, NU et ai Hum Gene Ther 4. 419431 (1993). Briefly, mice were injected with a 50 }A 
DNA/sabne solution, at room temperature, using a 25G 1/2 inch needle which was colared to Smh penetration to 
2 mm in muscle tissue. In animal experiments involving systemic administration of tetracyclne, a slow release pellet 
(0.7 mg/ml/day, Innovative Research of America, Toledo, OH) was implanted subcutaneous in the shoulder 24 to 48 
h before DNA injection. A» experimental protocols using animals were conducted under the guidelines provided by 

35 the American Association for Laboratory Animal Care. 
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loci form mid CAT assays 

The kiriferase and CAT enzymes were assayed in extracts from either cultured cell lysates or in 
homogenized mouse muscle. For cultured ceQs, washed plates were scraped and the celts peleted by centrrfugation 
prior to resuspension in Reporter Lysis Buffer (Promega, Madison, Wl). For injected muscle, the entire quadriceps 
5 muscle (150-200 mg, wet weight) was collected from euthanized (Euthanasia n 4.5 mg/muscle, i.p.f mice. The 
muscle tissue was quick frozen, and pulverized to a fine powder by grinding at 60°C with 0.4 ml frozen volume of 
Reporter Lysis Buffer in a 1.5 ml conical centrifuge tube. 

The frozen powder was subsequently thawed with 0.1 ml of lysis buffer, vortexed for 15' at room 
temperature, frozen and thawed 3X in iquid nitrogen and room temperature baths, and centrrfuged for 3' at 10,000 

10 X g. The supernatant was removed and pooled with the second supernatant derived from a 0.5 ml lysis buffer 
volume used to re-extract the pellet (repeat of the extraction procedure above, without the freeze/thaw step). 
Luciferase activity was assayed according to published methods. The luciferase standard curve was linear from 1 
to 100,000 pg of protein (lucrf erase specific activity: 1.0-2.0 X 10 13 RLU/mg protein; Analytical Luminescence Labs). 
CAT activity was assayed using a two-phase extraction method as previously described. Sankaran, L. AnalBtochem 

15 200, 180-186 (1992). Cell and tissue samples were initially treated at 60°C for 10 mm followed by incubation with 
CAT substrates at 37°C for 2 to 3 h. A standard curve was made using muscle extract and known amounts of 
commercial CAT enzyme (Sigma Chemicals Corp., St. Louis, MO; S.A.: 106,400 units/mg protein). Under the above 
conditions, the linear range of the assay was from 1 to 1000 pg of the CAT protein. 
Rasotts 

20 tTAdapandant Activatian Systam. 

A hCMV-IE based CAT plasmid vector, designated VR1310 and shown in Fig. 1A, was developed following 
a systematic study of plasmid components required for high expression in transfected celb both in vitro and in vivo. 
Relative to the commercial available hCMVIE expression plasmid pcDNA3-CAT r VR1310 expressed 10 20 fold more 
protein in transiently transfected C2C12 mouse myoblast eels in vitro (Fig. 2A) and 10 fold more protein upon 

25 injection into muscle tissue (Fig. 2B). 

To determine the relative efficacy of using the chimeric tetracycline-controlled activator (tTA) system 
(Gossan, M. & Bujard, H. Proc Natl Acad Set USA 89, 5547-5551 (1992)), VR1310 expression was compared to 
expression obtained with the two plasmid system using pUHD15-1, a tTA expression plasmid, and pUHD3-1CAT, a 
tTA dependent CAT expression plasmid. C2C12 cells co-transfected with these two plasmids expressed CAT protein 

30 at a level comparable to VR1310 (data not shown). 

To test whether VR1310 expression might be further improved by making CAT transcription dependent upon 
the heterologous activator, tTA, the hCMVIE promoter/enhancer (-54 to -654 bp) was removed from VR1310 and 
replaced with seven repeats of the tetracycline operator sequence \tatOj) from pUHD3-1CAT. This manipulation left 
the -53 to + 1 hCMV-IE gene TATA box (and the 944 base hCMVIE gene 5-prime untranslated region/mtron A) 

35 downstream of the control element. This minimal promoter-containing plasmid was designated VR1312 (Fig. 1B) and 
its expression in transfected C2C12 cells is shown in Fig. 3. 
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Relative to VR131 0, VR1312 transf acted cefls expressed vBry low levels of CAT protein. However in celts 
co-transfected with pUHD15-1 and VR1312, CAT expression was induced more than 100 fold over VR1312 alone, 
reaching a level of expression that was approximately 4 fold greater than the parental VR1310. In addition, C2C12 
cells co-transfected with VR1312 and pUHDIS 1 and treated with 1 //giml tetracycline (Tc) during the 48 hour 
5 transient transf action period expressed less than 1% of the CAT activity seen in untreated celts. The results indicate 
that, in addition to its capacity to express high levels of CAT, VR1312 based CAT activity is completely dependent 
upon the co expression of the tTA transacting protein and that high expression can be repressed by tetracycline. 

To further increase the tTA dependent CAT activity, the structure of the tTA fusion protein was modified 
to assist in post-translational targeting this largely prokaryotic protein to the eukaryotic nucleus. To do this, an 
10 oligonucleotide sequence encoding an in-frame basic nuclear localization signal peptide was inserted into the pUHD5 1 
plasmid between the coding region of the tetracycline receptor (WR) and the VP16 activation domain in tTA. Jans, 
D. & Jans, P. Oncogens 9, 2961 2968 (1994); Oeuschle, U., Meyer, & W., Thiesen, H J. Mot Cell Biol 15, 1907- 
1914 (1995). This new plasmid, designated VR1502, expressed a nuclear localized tTA protein termed tTA NL 
(Fig. 10. 

15 CAT assays of cells co-transfected with VR1312 and VR1502 indicated that VR1312 based CAT expression 

was nearly 4 fold greater then in co-transfections of cells using VR1312 with the original tTA expression plasmid, 
pUHDIS 1 (Fig. 3). However, this 4-fold increase in expression remained completely dependent upon the transcription 
factor, tTANL, such that when transfected eels were pre-treeted with 1 //g/ml Tc, the expression of CAT was 
virtually shut off (Fig. 3). Since VR1502 elicited significant enhancement of CAT expression, this tTA-NL expression 

20 plasmid was used in al subsequent experiments. 
tTANL dependent CAT Expression m mo. 

To compare tTA NL dependent VR1312 CAT expression in mo with that of VR1310, five //g of VR1310, 
VR1312, or VR1312 with varying amounts of VR1502, were injected into the mouse rectus femoris muscle, as 
described in Materials and Methods. The results are shown in Fig. 4. CAT expression was barely detectable ( < 

25 200 pg/muscle) in muscle at seven days following injection of the VR1312 vector alone. However, co-injection of 
equmolar amounts of VR1502 with VR1312 resulted in more than a 1000 fold increase in expression (>200 
ng/muscle), an expression level 2-3 fold higher than VR131Q. Increasing the molar ratio of VR1502/VR1312 to 5 
resulted in a further increase in CAT expression compared with that seen at the 1:1 ratio (Fig. 4). 
Tetrecftline Induced Gone Expression. 

30 For gene therapy and gene immunization applications, it would be useful to activate as wal as repress gene 

expression using a smal, clinically acceptable, effector molecule such as Tc. Tc was shown to transiently activate 
a re/0 modified gene sequence in transgenic plant eels when gene transcription was repressed in cells co-expressing 
frfR protein. Gatz, C, Frohberg, C. & Wendenburg, R. font J 1, 397404 (1992). To test this means of Tc 
activation in animal cells, VR1310 was modified by inserting 4 synthetic copies of the tetQ sequence (te/0 4 ) 

35 immediately downstream from the hCMVIE or omoter/enhencer, that is, 3-prime of the TATA box, and 5-prime of the 
hCMVIE untranslated region and tntron A. The chimeric hCMV-IE promoter in this plasmid, designated VR1340 (Fig. 



WO 97/35992 PCTYUS97/04187 

-21- 

1 B), was initially tested in vitro and the results ire shown in Pig. 5A. The VR1340 plasmid expressed approximately 
the same level of CAT in transfected cells in vitro relative to the parental VR1310. This indicates that the addition 
of tetO A sequences downstream from the TATA box in VR1340 had no effect on CAT reporter expression m 
transfected cells. However, co-transfection of cells with VR1340 plus VR1502 decreased VR1340 based CAT 
5 activity nearly 10 fold, from 0.10 to approximately 0.01 rural acetylatad chloramphenicol/min^g protein. Moreover, 
treatment of VR1340 and VR1502 co-transfected cells with Tc resulted in the restoration of VR1340 based CAT 
expression. 

These results prompted the inquiry whether two different genes could be alternatively regulated by 
tetracycline if celts were transfected using a combination of the plasmid vector constructs described above. To 

1 0 demonstrate this, a tTA-NL dependent firefly lucif erase expression vector (VR12S0) was made so as to be structurally 
analogous to VR1312 (Fig. IB). To initially test these new constructs in cells in vitro, mouse C2C12 cefls were co- 
transfected with plasmids VR1340 and VR1250 in the presence or absence of VR1502, with and without 
tetracycline. The results are shown in Fig. 5B. In the absence of the tTA NL expression plasmid [i.e., VR1502), cells 
co-transfected with VR1340 and VR1250 showed high levels of CAT expression end practically no lucif erase 

1 5 expression. The relative expression of these two reporter proteins was reversed in cells co-transfected with VR 1 502. 
The relative expression of these two reporter proteins was again reversed in ceils transfected in the presence of 1 
l/g/ml Tc. In such Tc co-transfected ceKs, VR1250 lucif erase expression was reduced to very low levels and 
VR1340-based CAT expression was restored to the level seen without VR1502. 

To evaluate the possibility of differential regulation of reporter gene expression m vivo, these same plasmid 

20 combinations were injected into mouse skeletal muscle. The results are shown in Fig. 5B, In the absence of 
VR1502, VR1250 based lucif erase expression was virtually undetected in muscle and VR1340 based CAT expression 
was high, comparable to the levels of expression seen using VR1310. Muscles injected with nearly equal molar 
amounts of VR1340, VR1250, and VR1502 reversed this activity profile; VR1340 based CAT expression was 
repressed 10 fold by the presence of tTA NL in muscle cells while, at the same time, luciferase expression was 

25 induced by more than 1000 fold. Injection of these three ptasmids into animals receiving tetracycline exhibited 
reporter expression at levels similar to those seen without the tTA NL expressing VR1502 plasmid. These results 
indicate the abilty of the chimeric tTA-NL transacting protein to simultaneously activate and repress the 
transcriptional activity of plasmid DNA m vivo using the Tc regulated activator. 
A tTA Rogalatod Bicistronie Exprtssion Victor 

30 The experiments presented above require cell transfections with 2 or more plasmid DNAs that must enter 

each transfected cell nucleus in order to manifest the necessary regulatory effect. To remedy this, a single plasmid 
DNA, designated VR1370, was constructed. VRT370, as shown in Fig. ID, was a tTA NL dependent expression 
vector having a CAT coding sequence positioned downstream of the tetOy response elements, the -53 to + 1 hCMV-IE 
gene TATA box [i.e., the minimal promoter), and the 944 base hCMV-IE gene 5-prme untranslated region and intron 

35 A sequence. Thus, the tTA-NL dependent control region was the same as in VR1312 (compare Fig. 1B and Fig. 10). 
The CAT coding sequence was followed immediately by the encephalomyocarditis virus CAP Independent Translational 
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Enhancer (CITE) sequence, an internal translations control element able to effect independent translation of the 
downstream tTANL coding sequence on this btcistronic mRNA. Elroy-Stein, 0., Fuerst, T., Moss, B., Proc NatlAad 
SciUSA 86, 6126-6130 (1989); Morgan, T., eta/. Nuci Acids R&s 20, 1293-9 (1992). By coupling tTA-NL protein 
expression to CAT expression using a bicistronic mRNA, VR1370 was designed to incorporate both the tTA-NL and 

5 the reporter protein sequence into a single, self accelerating and Tc ccntroled plasmid vector. To test VR1370 
expression in mo, plasmid DNA was injected into mouse muscle tissue and CAT expression was measured at seven 
days. As shown in Fig. 6, VR1370 expressed CAT at a comparatively low level when measured at seven day post- 
injection time point. The level was approximately 40 fold less than that seen in muscle tissue co-injected with 
VR1312 and VR1502. However, when VR1370 was injected into animals receiving systemic Tc, the level of CAT 

10 expressed in muscle was reduced to less than Z5% of that seen in animals not receiving Tc. Such a result indicates 
that expression of CAT using the single plasmid construct can be mora tightly regulated with Tc relative to that 
achieved using the two plasmid vectors, as shown in Fig. 5. 

While the invention has necessarily been described in conjunction with preferred embodiments and specific 
15 working examples, one of ordinary skil in the art, after reading the foregoing specification, will be able to effect 
various changes, substitutions of equivalents, and alterations to the subject matter, without departing from the spirit 
and scope of the invention. Hence, the invention can be practiced in ways other than those specifically described 
here. It is therefore intended that any protection granted be limited only by the appended claims and their 
equivalents. 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION 
<i) APPLICANT: VICAL INCORPORATED 
5 (ii) TITLE OF THE INVENTION: TETRACYCLINE INDUCIBLE/REPRESSIBLE 

SYSTEMS 

(iii) NUMBER OF SEQUENCES: 2 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Knobbe, Martens, Olson and Bear 
10 (B) STREET: 620 Newport Center Drive 16th Floor 

(0 CITY: Newport Beach 
<D) STATE: CA 

(E) COUNTRY: USA 

(F) ZIP: 92660 

15 (v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Diskette 

(B) COMPUTER: IBM Compatible 
10 OPERATING SYSTEM: DOS 

(D) SOFTWARE: FastSEQ for Windows Version 2.0 
20 (vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

25 (A) APPLICATION NUMBER: 08/622,956 

(B) FUNG DATE: 27MAR 1996 

(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Ways Vensko, Nancy 

(B) REGISTRATION NUMBER: 36,298 

30 (C) REFERENCE/DOCKET NUMBEH: VICAL055QPC 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 619 235 8550 

(B) TELEFAX: 619 235*0176 
(0 TELEX: 

35 (2) INFORMATION FOR SEQ ID N0:1: 

(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 54 base pairs 

(B) TYPE: nucleic acid 

(C) STRANOEONESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 
GTAC6GCACC CAAGAAGAAG CGGAAGGTCC CAGGTGTACC GAGCTCGAAT TGCG 54 
(2) INFORMATION FOR SEQ ID N0:2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 
ID) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: N-terminal 
(xi) SEQUENCE DESCRIPTION: SEQ 10 N0:2: 
Lys Lys Lys Arg Lys 
1 5 
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1. A self accelerating eukaryotic expression vector comprising a single transcription unit under the control 
of a tetracycline-conlroHed activator-responsive promoter, said unit comprising a first cistron encoding a desired gene 
product and a second cistron encoding said tetracycline-contrfllled activator, and an internal ribosome entry site 
positioned between said cistrons. 

2. The vector of Claim 1, wherein said tetracycline-controlied activator comprises a prokaryotic tetracycline 
repressor fused to a transcription activation domain that activates transcription in eukaryotic cells. 

3. The vector of Claim 2 wherein said tetracycline-controfied activator further comprises a nuclear 
localization signaL 

4. The vector of Claim 3 wherein said transcription activation domain is derived from herpes simplex virus 
virion protein 16. 

5. The vector of Claim 3 wherein said nuclear localization signal is derived from SV40 large T antigen. 

6. The vector of Claim 1 wherein said promoter comprises a minimal promoter linked to at least one 
tetracycline operator sequence. 

7. The vector of Claim 6 wherein said minima] promoter is derived from a cytomegalovirus immediate early 
gene promoter. 

8. The vector of Claim 1, wherein said first cistron is positioned 5-prime of said second cistron within said 
transcription unit. 

9. The vector of Claim 1, wherein said gene product is an immunogen. 

10. The vector of Claim 1, wherein said gene product is a therapeutic. 

1 1. The vector of Claim 1 r wherein said gene product is selected from the group consisting of interleukin 2, 
tumor necrosis factor, interferon, nerve growth factor, epidermal growth factor, human growth hormone, LDL 
receptor tissue plasminogen activator Factor VIII, Factor IX, granulocyte-macrophage colony-stimulating factor, 
erythropoietin, insulin, calcitonin, thymidine kinase, dystrophin, and CFTR. 

12. A host cell comprising the vector of any of Claims 1-11. 

13. A process for making the vector of any of Claims Ml comprising 

constructing a single transcription unit and operabfy linking it to a tetracycline-controlied 
activator-responsive promoter in a plasmid backbone, said unit comprising a first cistron encoding 
a desired gene product and a second cistron encoding said tetracycline controHed activator, and 
an internal ribosome entry site positioned between said cistrons; and 

isolating the resultant plasmid. 

14. A process for inhibiting expression of the gene product in the host cell of Claim 12 comprising 
contacting sard host celt with tetracycline or a tetracycline analog, whereby expression of said gene product in said 
host ceH is inhibited. 

15. A eukaryotic expression vector in the form of VR1370 on deposit as ATCC 97467. 
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16. A eukaxyotic expression vector in the form of VR1370 on deposit as ATCC 97467, wherein the CAT 
encoding sequence is replaced by a sequence encoding a protein of interest. 
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